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The effects of crystalline and amorphous phenol (0.5 mmol/L) on the characteristics of glycosidases, as well as casein-lytic 
and hemoglobin-lytic peptidases, which function in the whole body of chironomid larvae Chironomus sp. were studied. Crystal-
line phenol decreased the activity of glycosidases in comparison to the control in the temperature range 0–50 ºС, amorphous phe-
nol – in the temperature range 0–70 ºС. The temperature optimum of glycosidases in whole body of chironomid larvae in control 
and experiment corresponds to 50 ºС. The activity of glycosidases in comparison to the control decreased in the pH range 5–11 (to 
a greater extent in the case of the lower fraction). Amorphous phenol increased the activity of casein-lytic peptidases in compari-
son to the control in the temperature range of 30–50 ºС, hemoglobin-lytic peptidases – in the temperature range of 0–60 ºС. 
The degree of the increase of enzyme activity in the temperature optimum zone of casein-lytic and hemoglobin-lytic peptidases 
was different: the level of enzyme activity in the experiment was higher than in the control by 2.3 and 1.8 times, respectively. 
The temperature optimum of the studied peptidases of chironomid larvae, regardless of the experimental conditions, corresponds 
to 40 °C. Crystalline phenol did not actually affect the Q10 values of glycosidases in the temperature range 0–50 °C. Amorphous 
phenol decreased the Q10 values at a temperature of 40–50 °C. The Q10 values of casein-lytic peptidases increased in most cases, 
the Q10 values of hemoglobin-lytic peptidases decreased in the presence of amorphous phenol. The process of protein hydrolysis 
was characterized by a break in the Arrhenius plot at 20 °C. The values of Еact in the range 0–20 °С were lower than in the zone of 
higher temperatures. The Еact values of the process of casein hydrolysis by peptidases of all tissues of chironomid larvae in the 
presence of amorphous phenol in both temperature zones increased. The Еact values of the process of hemoglobin hydrolysis by 
peptidases of all tissues of chironomid larvae in the presence of amorphous phenol in both temperature zones decreased. The Еact 
values of the process of starch hydrolysis in the presence of crystalline phenol decreased. The amorphous phenol changed the Еact 
values in different directions. They slightly increased in the presence of the phenol upper fraction, but they decreased in the pre-
sence of the phenol lower fraction. The data obtained indicate a significant effect of crystalline and amorphous phenol not only on 
activity, but also on the characteristics of peptidases and glycosidases that function in the whole body of chironomid larvae.  
Keywords: amorphous phenol; chironomid larvae; glycosidases; peptidases; enzyme characteristics.  
Introduction  
 
As is known, phenol formed during the metabolism of aquatic or-
ganisms, as well as during biochemical decomposition and transforma-
tion of organic substances that occur in water and in bottom sediments, 
does not pose a threat to ecosystems (Zaprometov, 1974; Michałowicz 
& Duda, 2007; Ali et al., 2011). However, phenol and its derivatives 
become dangerous for aquatic organisms when industrial waste, espe-
cially oil and shale processing enterprises, coke, pulp and paper, wood-
working, metallurgical, as well as aniline and paint industries, enters the 
water (Orlov et al., 2002; Maistrenko & Klyuev, 2004; Singh & Chan-
dra, 2019). Phenol, being a poison of neuroparalytic action, causes seve-
re dysfunction of the central nervous system (Lukyanenko, 1983; Fle-
rov, 1989), largely due to blocking of ion channels (Michałowicz & 
Duda, 2007). In addition, phenol causes skin necrosis (Clayton & Clay-
ton, 1994; Mai, 2012), damages the kidneys (Flerova & Zabotkina, 
2012; Mai, 2012), muscles (Ford et al., 2001), eyes (Michałowicz & 
Duda, 2007), metabolism (Hori et al., 2006, 2008) endocrine (Gad & 
Saad, 2008) and the immune system (Taysse et al., 1995; Mikryakov 
et al., 2001). The effect of phenol on the activity of digestive enzymes in 
fish is also known (Kuz’mina et al., 2017a).  
It is important to note that crystalline phenol was used earlier in to-
xicological studies (Lukyanenko, 1983; Flerov, 1989). In the recent 
years it has been replaced by amorphous phenol having the same for-
mula (C6H5OH). However, amorphous phenol differs significantly from 
crystalline phenol both externally (a solid mass or loose “clumps” of 
yellowish colour) and in its ability to melt after 6–12 months, not only at 
room temperature, but also at a temperature of 6–8 °C. As is known, the 
melting point of crystalline phenol is 40.9 °C (Goronovsky et al., 1987). 
It is important to note that two distinct fractions are formed upon the 
melting of amorphous phenol: a small upper fraction and a lower frac-
tion, the volume of which is 4–5 times larger. Herewith the properties of 
phenol changed. So, the crystalline phenol and its derivatives (4-chloro-
phenol, 4-nitrophenol or 2,4-dinitrophenol) inhibits the activity of pepti-
dases that function in the intestinal mucosa in fish of the fam. Cyprini-
dae and Esocidae, and in some cases Percidae (Kuz’mina et al., 2017a). 
The effects of amorphous phenol in the same fish species are usually 
significantly different from those of crystalline phenol. Moreover the 
inhibition is sometimes replaced by stimulation (Kuz’mina et al., in press).  
Information on the characteristics of enzymes functioning in the 
whole body of fish feed objects is fragmentary. Chironomids are con-
venient to eliminate the existing gaps. Chironomid larvae play an im-
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portant role in aquatic food chains (Zilli et al., 2008). Their abundant 
populations are significant in aquatic food chains because larval chiro-
nomids can be a food source for larger invertebrates (Pinder, 1986) and 
fish (Gerking, 1994; Kamler et al., 2008; Gerasimov, 2015). They are 
favourite feed objects of various benthophages (Ivanova et al., 1978). 
Chironomids are a diverse group occupying a number of ecological ni-
ches and using a wide range of feed sources. They are characterized by 
four stages of development: the egg, larva, pupa and adults. The deve-
lopment of larvae also goes through four stages. Chironomid larvae feed 
as grazers on algae during the first stage of development and on detritus 
and even on other animals as detrivores during the subsequent stages of 
larval development (Pinder, 1986; Wardiatno & Krisanti, 2013). It was 
previously shown that in vitro crystalline phenol and its derivatives (2-
chlorophenol, 4-chlorophenol, 2-nitrophenol and 2-aminophenol) in 
high concentrations (62.5–500 mg/L) significantly increase the activity 
of casein-lytic peptidases in the whole body of chironomid larvae Chi-
ronomus sp. However, 2,4-dinitrophenol decreases consistently the activi-
ty of peptidases (Kuz’mina et al., 2016). These data differed significant-
ly from the results obtained in one study of fish (Kuz’mina et al., 
2017a). However, the information on the temperature characteristics of 
peptideses (Kuz’mina, 1999; Kuz’mina et al., 2018) and glycosidases 
(Kuz’mina, 1999) in the whole body of chironomid larvae was frag-
mentary (Kuz’mina et al., 2017b). Information on the effect of phenol 
on the characteristics of enzymes destroying carbohydrate components 
of own tissues of potential fish feed objects is lacking in the available 
literature. The aim of the work was to study the effect of crystalline and 
amorphous phenol on the activity and some characteristics of peptidases 
and glycosidases, which function in the whole body of chironomid larvae 
in vitro.  
 
Material and methods  
 
The object of study is chironomid Chironomus plumosus larvae. 
The average weight of one larva in different experiments was 6.0 or 
7.5 mg. Small chironomid larvae were selected from the bottom sedi-
ments of the Kuchurgan Reservoir, and larger ones were obtained from 
a pet-shop. Homogenates of previously crushed and carefully mixed do-
zens of larvae were used as enzymatically active preparations. All ope-
rations were carried out in the cold. Aliquots of samples (0.5–1.0 g) 
were homogenized in a glass homogenizer with a small amount of Rin-
ger’s solution for cold-blooded animals (103 mM NaCl, 1.9 mM KCl, 
0.45 mM CaCl2, pH 7.4) at a temperature of 2–4 °С. For this, a glass 
homogenizer was placed in a glass with ice. Then the homogenate was 
diluted with Ringer’s solution until the final dilution of 1:99. The homoge-
nate and substrate were adjusted to pH 7.4 using a pH meter pX-150 MI. 
The activity of enzymes was determined at a temperature of 20 °С, the 
temperature dependence of enzymes in the range 0–70 °С (0, 10, 20, 
30, 40, 50, 60 or 70 °C) and continuous stirring. The pH of homogenate 
and substrate was 7.4. To assess the effect of crystalline or amorphous 
phenol on enzyme activity, initially 0.25 mL of homogenate and 
0.25 mL of phenol solution were incubated at a concentration of 
1 mmol/L. Since the phenol concentration in the preincubate decreased 
by two times, its real concentration was 0.5 mmol/L. Through 1 h after 
the start of preincubation, 0.5 mL of the substrate was added to the tubes 
and the mixture was incubated for another 30 min. All operations were 
carried out with continuous stirring. In the control, instead of 0.25 mL of 
phenol solution, 0.25 mL of Ringer’s solution was added to the homo-
genate.  
The activity of glycosidases (the total activity of α-amylase, γ-amy-
lase, and enzymes of the maltase group) in the whole body of chirono-
mid larvae was evaluated by increasing the concentration of hexoses 
using the Nelson method in the modification of Ugolev & Jesuitova 
(1969). A soluble starch solution (1%) was used as a substrate. The acti-
vity of peptidases (mainly the activity of trypsin, chymotrypsin and, to a 
lesser extent, the activity of elastase, carboxypeptidases, aminopeptidas-
es and dipeptidases) was evaluated by increasing the concentration of 
tyrosine using the Folin-Ciocalteu reagent (Kuz’mina, 1999). 
The colour intensity was evaluated using a photocolorimeter (KFK-2) at 
λ = 670 nm. The level of enzyme activity was judged by the increment 
of reaction products per 1 minute of incubation of the substrate and the 
enzymatically active preparation, taking into account the background 
(the amount of hexoses or tyrosine in the original homogenate), calcu-
lating per 1 g of wet tissue weight, µmol/(g·min). The temperature 
coefficients (Q10) were calculated by the traditional way. The values of 
the activation energy (Еact) were determined by the Arrhenius’ graphical 
method using the formula: Еact = 2.3 × 1.987 × T2 T1 (logV2 – logV1) / 
(T2 – T1), where 2.3 is the transition modulus of the decimal logarithm 
in natural, 1.987 – gas constant, T – temperature, °K (°K = °C + 273), 
V – reaction rate.  
Data was processed statistically using Statistica 10 program (Stat-
Soft Inc., USA, 2011). The significance of the difference between con-
trols and treatments were evaluated using ANOVA. Differences were 
considered significant at P < 0.05.  
 
Results  
 
The effect of amorphous phenol on the activity and temperature de-
pendence of casein-lytic and hemoglobin-lytic peptidases in the whole 
body of chironomid larvae, pH 7.4. At 20 °C the activity of casein-lytic 
peptidases was 0.63 ± 0.10 and 0.94 ± 0.20 µmol/(g·min) in control and 
in the experiment. At the same temperature the differences in the activi-
ty of hemoglobin-lytic peptidases were not statistically significant be-
tween the control and the experiment: 1.03 ± 0.36 and 1.37 ± 0.08 
µmol/(g·min), respectively. The study of peptidase activity over a wide 
temperature range showed that the optimum temperature of peptidases, 
regardless of the substrate and the presence of amorphous phenol, cor-
responds to 40 °C (Fig. 1).  
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Fig. 1. The effect of amorphous phenol on the temperature depen-
dence of casein-lytic (a, b) and hemoglobin-lytic (c, d) peptidases  
in the whole body of chironomid larvae (pH 7.4, х ± SЕ, n = 5):  
on the abscissa axis – temperature (°С), on the ordinate axis – on a 
and с – peptidase activity (µmol / (g · min)), on b and d – relative 
enzyme activity (% of the maximum activity taken as 100);  
1 – in the absence of amorphous phenol, 2 – in the presence  
of the amorphous phenol  
At the same time, differences in the curve shape of the temperature 
dependence of casein-lytic and hemoglobin-lytic peptidases, which 
function in the absence or presence of amorphous phenol, were revea-
led. So, in the range of 0–20 °C, the activity values of casein-lytic pepti-
dases in the control and the experiment were extremely close. In the 
latter case, the activity of casein-lytic peptidases significantly increased 
in the temperature zone of 30–50 °C. So, the activity of casein-lytic 
peptidases in the experiment exceeded that in the control at a tempera-
ture of 40 °C by 2.3 times. As a result, the relative activity of casein-
lytic peptidases in the zone of 0–30 °C in the presence of amorphous 
phenol was much lower than in the control. Unlike casein-lytic peptide-
ses, the absolute values of hemoglobin-lytic peptidase activity increased 
under the influence of amorphous phenol over a wider temperature 
range (0–60 °C). However, the degree of increase of enzymatic activity 
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in the temperature optimum zone was lower than that of casein-lytic 
peptidases: the level of enzymatic activity in the experiment was 1.8 times 
higher than in the control.  
The effect of crystalline phenol on the activity and characteristics of 
glycosidases in the whole body of chironomid larvae, pH 7.4. Since the 
above data differed significantly from the previously obtained results 
(stimulation instead of inhibition), we investigated the effect of crystalline 
phenol on the activity and temperature dependence of glycosidases in 
the whole body of chironomid larvae. The activity of glycosidases in the 
whole body of smaller chironomid larvae from the Kuchurgan Reservoir 
at a standard temperature (20 °C) corresponded to 4.81 ± 0.44 µmol/(g·min), 
in the presence of crystalline phenol – 3.74 ± 0.38 µmol/(g·min). When 
studying the temperature dependence, the maximum glycosidase activity 
in the whole body of chironomid larvae was observed at a temperature of 
50 °С: 7.47 ± 0.24 µmol/(g·min) in control and 6.64 ± 0.28 µmol/(g·min) 
in the presence of phenol (Fig. 2). In the temperature zone 0–20 °С, the 
differences between the control and the experiment were statistically 
significant (P < 0.05). At a temperature of 0 °С, the level of relative 
enzymatic activity in the control and experiment was 38.2% and 34.4% 
of the maximal activity, respectively.  
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Fig. 2. The effect of crystalline phenol on the temperature  
dependence of glycosidases in the whole body of chironomid  
larvae (pH 7.4, х ± SЕ, n = 5): on the abscissa axis – temperature 
(°С); on the ordinate axis: on a – the enzyme activity 
(µmol/(g·min)), on b – the relative enzyme activity  
(% of the maximum activity taken as 100); 1 – in the  
absence of phenol, 2 – in the presence of phenol  
The effect of various fractions of amorphous phenol on the activity 
and characteristics of glycosidases in the whole body of chironomid 
larvae, pH 7.4. The activity of glycosidases in the whole body of larger 
chironomid larvae at standard temperature (20 °C) corresponded to 
0.63 ± 0.09 µmol/(g·min). The activity values of glycosidases in the 
whole body of chironomid larvae in the presence of the upper and the 
lower fractions of amorphous phenol were 0.48 ± 0.04 and 0.45 ± 
0.05 µmol/(g·min), respectively. When studying the temperature depen-
dence, the maximum glycosidase activity in all experimental variants 
was noted at a temperature of 50 °C: 2.09 ± 0.11, 1.33 ± 0.07, and 
1.05 ± 0.07 µmol/(g·min), respectively (Fig. 3). At 20 and 30 °C, the 
differences between the level of glycosidase activity in the control and two 
experimental groups of chironomid larvae were statistically significant 
(P < 0.05). At a temperature of 0 °C, the level of relative enzyme activity 
in the control and two experimental groups of chironomid larvae was 
14.8%, 17.3%, and 24.8% of the maximum activity, respectively.  
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Fig. 3. The effect of different fractions of amorphous phenol on the 
temperature dependence of glycosidases in the whole body of  
chironomid larvae (pH 7.4, х ± SЕ, n = 5): on the abscissa axis – 
temperature (°С); on the ordinate axis: on a – the enzyme activity 
(µmol/(g·min)), on b – the relative enzyme activity (% of the max-
imum activity taken as 100); 1 – in the absence of amorphous phe-
nol, 2 – in the presence of the upper fraction of amorphous phenol, 
3 – in the presence of the lower fraction of amorphous phenol  
A study of the effect of amorphous phenol on the pH dependence 
of glycosidases in the whole body of larger chironomid larvae showed 
that in the presence of the upper and lower fractions of amorphous 
phenol, the level of enzyme activity decreases over the entire range of 
pH values studied (Fig. 4). So, the activity of glycosidases in the whole 
body of chironomid larvae at pH 7.0 and a temperature of 20 °C corres-
ponded to 4.77 ± 0.43 µmol/(g·min). In the presence of the upper and 
lower fractions of amorphous phenol activity of glycosidases were 3.77 
± 0.38 and 3.18 ± 0.43 µmol/(g·min), respectively. The presence of 
phenol does not affect the optimum pH of glycosidases (8.0). Moreover, 
the values of the relative activity of glycosidases in almost the entire pH 
range in the control and two experimental groups of chironomid larvae 
are similar, especially in the case of the upper fraction.  
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Fig. 4. The effect of different fractions of amorphous phenol  
on the pH dependence of glycosidases in the whole body of  
chironomid larvae (temperature 20 °С, х ± SЕ, n = 5): on the  
abscissa axis – pH, on the ordinate axis: on a – glycosidase activity 
(µmol/(g·min)), on b – relative enzyme activity (% of the maximum 
activity taken as 100); 1 – in the absence of phenol, 2 – in the  
presence of the upper fraction of amorphous phenol, 3 – in the  
presence of the lower fraction of amorphous phenol  
The effect of phenol on the temperature coefficients (Q10) of the ac-
tivity of peptidases and glycosidases in the whole body of chironomid 
larvae. Data on the temperature coefficients of the activity of peptidases 
and glycosidases in the whole body of chironomid larvae indicate that 
Q10 values in most cases are lower than 2.0, and in the zone of post-
maximal temperatures they are below than 1.0 (Table 1).  
Table 1  
The effect of phenol on the Q10 values of peptidases and  
glycosidases in the whole body of chironomid larvae (pH 7.4)  
Substrate 
Q10 
0–
10 °С 
10–
20 °С 
20–
30 °С 
30–
40 °С 
40–
50 °С 
50–
60° С 
60–
70 °С 
Casein 1 1.1 1.4 1.4 1.4 0.4 0.6 0.7 
Casein, 2 1.4 1.4 1.8 2.3 0.4 0.3 0.6 
Hemoglobin, 1 1.7 1.4 1.9 2.2 0.4 0.4 0.4 
Hemoglobin, 2 1.3 1.5 1.5 2.0 0.6 0.4 0.2 
Starch, C 1 1.2 1.2 1.2 1.2 1.1 0.4 0.1 
Starch, C 2 1.0 1.3 1.3 1.2 1.1 0.5 0.1 
Starch, A 1 1.4 1.5 1.4 1.4 1.6 0.5 0.4 
Starch, A 2 1.4 1.4 1.4 1.5 1.2 0.5 0.4 
Starch, A 3 1.3 1.4 1.3 1.3 1.3 0.3 0.4 
Note: 1 – in the absence of phenol, 2 and 3 – in the presence of phenol;  
C – crystalline phenol, A – amorphous phenol (A 2 – upper fraction, A 3 – 
lower fraction).  
In the case of peptidases in the whole body of chironomid larvae, 
the highest values of the indicator were found in the temperature range 
30–40 °С. At the temperature range of 20–40 °С, casein-lytic peptidases 
functioning in the presence of amorphous phenol showed higher Q10 
values than in the control. The Q10 values of hemoglobin-lytic peptidas-
es, on the contrary, were lower in the experiment than in the control in 
this temperature range. It is important to note that in the temperature 
zone of active life of chironomid larvae (10–30 °С), the fluctuations in 
the Q10 values of casein-lytic peptidases are absent. The Q10 values of 
glycosidases in control chironomid larvae from the Kuchurgan Reser-
voir were lower in the temperature range 30–40 °С than those of pepti-
dases, but they were higher in the zone 40–50 °С. In the presence of 
crystalline phenol, Q10 values change slightly. In the case of amorphous 
phenol despite the higher Q10 values the pattern noted above remains.  
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The effect of phenol on the energy of the activation (Eact) of the pro-
cess of protein and polysachcaride hydrolysis by peptidases and glyco-
sidases of the whole body of chironomid larvae. Data concerning the 
values of Eact of the hydrolysis process of the proteins by the peptidases 
functioning in the whole body of chironomid larvae in the range of the 
temperature of their vital activity (0–30 °C) indicate the dependence of 
the values of this parameter on the substrate, pH, and the presence of 
phenol (Table 2).  
Table 2  
The effect of phenol on the energy of the activation of the process 
of protein and polysachcaride hydrolysis by the enzymes of the 
whole body of chironomid larvae in the temperature range of their 
life activity (0–30 °C)  
Substrate 
Energy of activation, kcal/mol 
before  
break point 
after  
break point 
break  
point 
Casein 1 3.5   6.5 20 ºC 
Casein, 2 5.5 12.6 20 ºC 
Hemoglobin, 1 6.8 13.2 20 ºC 
Hemoglobin, 2 5.1 10.1 20 ºC 
Starch, C 1 3.0   3.0   –* 
Starch, C 2 2.3   2.3 – 
Starch, A 1 6.1   6.1 – 
Starch, A 2 6.5   6.5 – 
Starch, A 3 4.7   4.7 – 
Note: see Table 1; a dash in the last column indicates no inflection on the 
Arrhenius chart.  
It is important to emphasize, that there was a break on the Arrhe-
nius plots in the case of the protein hydrolysis by peptidases of the 
whole body of chironomid larvae at 20 °C. Moreover, the Еact values of 
the process of casein hydrolysis in the temperature range 0–20 °С in the 
control were 1.9 times lower than in the zone of higher temperatures. 
The Еact values of the casein hydrolysis increase in the presence of phe-
nol in both temperature zones (1.6 and 1.9 times, respectively). In the 
study the hemoglobin, as a substrate, the Eact values were smaller in the 
zone of low temperatures than in the zone of higher temperatures by 1.9 
and 2.0 times in the control and the experiment, respectively. The Еact 
values of the process of hemoglobin hydrolysis decreased by 1.3 times 
in the presence of phenol in both temperature zones. The Arrhenius 
plots of polysaccharide hydrolysis differ from that of protein hydrolysis 
by the absence of a break. In this case, the Еact values of the process of 
starch hydrolysis decreased in the presence of crystalline phenol by 1.3 
times. The Еact values of the process of polysaccharide hydrolysis in-
creased by 1.1 times in the presence of the upper fraction of amorphous 
phenol and they decreased by 1.3 times in the presence of the lower 
fraction of amorphous phenol.  
 
Discussion  
 
First of all, it should be noted that we investigated integrative indi-
cators reflecting the activity of a number of peptidases and glycosidases. 
So, in the case of peptidases, the activity of trypsin and chymotrypsin 
are of the greatest importance. The first hydrolyzes predominantly the 
peptide bonds adjacent to lysine or arginine, the second predominantly 
hydrolyzes the peptide bonds adjacent to tyrosine, tryptophan, and phe-
nylalanine (Dixon & Webb, 1983). It is also important to emphasize 
that there is no information on the effect of phenol on the activity and 
characteristics of peptidases and glycosidases in chironomid larvae in 
the available literature. However, the activity of trypsin-like and chymo-
trypsin-like enzymes was found in representatives of the Arthropoda 
taxonomically similar to chironomids: lobsters (Navarrete del Toro et al., 
2006), spiny lobsters (Kim et al., 1992), crabs (Dendinger, 1987; Sakha-
rov et al., 1994; Navarrete del Toro et al., 2006) and shrimps (Van-Wor-
mhoudt et al., 1995). In some invertebrates, the activity of carboxypep-
tidases A and B, as well as leucine aminopeptidases, were revealed 
(Elyakova & Kozlovskaya, 1975; Dendinger, 1987; Glass & Stark, 1995).  
Data on the activity of casein-lytic and hemoglobin-lytic peptidases 
in the whole body of chironomid larvae are largely close to the pre-
viously obtained results at a standard temperature and pH (Kuz’mina 
et al., 2018). However, when studying the activity of peptidases in chi-
ronomid larvae from the Kuchurgan Reservoir under the same metho-
dological conditions, a higher level of enzymatic activity was revealed: 
3.1 ± 0.16 µmol/(g·min). It should be especially noted that phenol de-
creases significantly the activity of casein-lytic peptidases in adult ben-
thophages: bream Abramis brama (L.), silver bream Blicca bjoerkna 
(L.), roach Rutilus rutilus (L.), and ichthyophage pike Esox lucius L. 
At the same time, significant changes in the enzymatic activity were not 
detected in the ichthyophage zander Sander lucioperca (L.) and the ben-
thophage-facultative ichthyophage perch Perca fluviatilis L. over the 
entire range of studied phenol concentrations (Kuzmina et al., 2017a).  
The temperature characteristics of peptidases of chironomid larvae 
differ significantly from those of fish. So, the temperature optimum of 
casein and hemoglobin-lytic peptidases of the intestinal mucosa in fish 
of different species corresponds to 50 or 60 ºС (Ugolev & Kuz’mina, 
1993) and in chironomid larvae it is 50 ºС (Kuz’mina, 1999) or 40 ºС 
(Kuz’mina et al., 2018). This may be due to the differences in the sour-
ces of enzymes. At the same time, the shape of the temperature depen-
dence curves of casein-lytic and hemoglobin-lytic peptidases in the low 
and postmaximal temperature zones is different. This may be due to the 
functioning of various hydrolases. The data regarding the stimulating 
effect of amorphous phenol on the activity of peptidases is in good 
agreement with the data obtained in the study of crystalline phenol 
(Kuz’mina et al., 2016). Particular attention should be paid to the fact 
that the level of peptidase activity increases significantly in the presence 
of amorphous phenol in the temperature optimum zone in the case of 
both substrates. These data confirm the pattern identified earlier in the 
study of the effect of temperature on the effects of modifiers that change 
the activity of various digestive enzymes of fish (Ugolev & Kuz’mina, 
1993). It can be assumed that in our experiments, as in experiments on 
the effect of modifiers on the temperature dependence of fish digestive 
hydrolases, maximum effects are observed at temperatures conducive to 
maintaining optimal conformation of enzymes. However, the activity of 
glycosidases decreases in almost the entire range of temperatures under 
the action of crystalline and amorphous phenols. This fact is essential 
for the life of chironomid larvae, since oxygen levels are lowered in the 
bottom layers of the water. In this regard, the role of aerobic respiration 
decreases and the role of the glycolysis increases in benthic animals 
(Goromosova & Shapiro, 1989). Therefore, a decrease in glucose pro-
duction resulting from the hydrolysis of polysaccharides can adversely 
affect the viability of chironomid larvae. Especially important is the fact 
that the lower phenol fraction causes the greatest inhibitory effect.  
The data on the temperature coefficients of chironomid larvae en-
zymes confirm the classical notion on a sharp decrease in Q10 values in 
the zone of postmaximal temperatures as a result of denaturation of their 
protein globules. Accordingly, phenol increases the Q10 values of case-
in-lytic peptidases and decreases the values of hemoglobin-lytic pep-
tides in the temperature range of 20–40 °C. A comparison of the values 
of one of the fundamental characteristics of enzymes, namely Еact, indi-
cates the dependence of these values on the substrate. It should be espe-
cially noted that lower values of Еact of the process of protein hydrolysis 
in the zone of low temperatures contributes to better digestion and assi-
milation of the protein components of feed in comparison with the zone 
of higher temperatures in adverse conditions. The decrease of Еact val-
ues of the process of hemoglobin hydrolysis at low temperatures in the 
presence of amorphous phenol, as well as their decrease in the case of 
polysaccharide hydrolysis in the range of 0–40 °C in the presence of 
crystalline phenol and the lower fraction of amorphous phenol, is of 
similar importance.  
The obtained data testify to the different effects of amorphous phe-
nol on the activity of peptidases and glycosidases. It was shown that 
molecular-mass characteristics of protein components which dominate 
in the tissues of chironomid larvae correspond to those of hemoglobin, 
and that glycogen is the main carbohydrate component. It was also 
shown that food components that are not substrates of the analyzed 
reactions, in particular tributyrin, can stimulate or inhibit the activity of 
various glycosidases in fish of different species (Ugolev & Kuz’mina, 
1993). The revealed facts were explained from the standpoint of allo-
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steric regulation of enzyme activity (Jacob & Monod, 1961; Koshland 
& Neet, 1968). Allosteric enzymes have spatially separated catalytic 
and regulatory (allosteric) centers. The catalytic activity of the enzymes 
is changed as a result of the binding of certain substances called modifi-
ers with their regulatory centers (Koshland & Neet, 1968). The binding 
of a modifier (effector) with the regulatory center of the enzyme leads to 
conformational changes in the enzyme molecule and to a change in 
their affinity for the substrate. Since it is assumed that allosteria can be a 
property of almost all proteins, it is possible that the effects of phenols 
are associated with this exactly mechanism.  
 
Conclusion  
 
The effects of crystalline and amorphous phenol on the activity of 
peptidases and glycosidases that function in the whole body of chirono-
mid larvae Chironomus sp. (food objects of adult benthophages and ju-
venile fish of various ecological groups) are different and largely de-
pend on the temperature and pH. The temperature optimum of pepti-
dases in chironomid larvae corresponds to 40 ºС. The temperature op-
timum of glycosidases is 50 ºС. The optimum pH of glycosidases is 8.0. 
Under the influence of amorphous phenol, the activity of casein-lytic 
peptidases increases significantly in the temperature range of 30–50 ºС 
and hemoglobin-lytic peptidases in the temperature range of 0–60 ºС. 
Crystalline phenol decreases the activity of glycosidases in comparison 
to the control in the temperature range 0–50 ºС, amorphous phenol – in 
the temperature range 0–70 ºС. Moreover, the activity of glycosidases 
decreases in comparison to the control in the pH range of 5–11 (to a 
greater extent in the case of the lower fraction). The Q10 values of case-
in-lytic peptidases increase in most cases. The Q10 values of hemoglo-
bin-lytic peptidases decrease in the presence of amorphous phenol. 
Crystalline phenol weakly affects the Q10 values of the glycosidases in 
the almost all temperature range. Both fractions of amorphous phenol 
significantly reduce the Q10 values at a temperature of 40–50 °C. 
The process of protein hydrolysis is characterized by a break in the 
Arrhenius plots at 20 °C. The values of Eact are lower in the range 0–
20 °C than in the zone of higher temperatures. The Еact values of the 
process of casein hydrolysis by peptidases of all tissues of chironomid 
larvae in the presence of amorphous phenol in both temperature zones 
increase. The Еact values of the process of hemoglobin hydrolysis by 
peptidases of all tissues of chironomid larvae in the presence of 
amorphous phenol in both temperature zones decrease. The Еact values 
of the process of starch hydrolysis in the presence of crystalline phenol 
decreease. The amorphous phenol changes the Еact values in different 
directions. They slightly increase in the presence of the phenol upper 
fraction, and they decrease in the presence of the phenol lower fraction. 
The data obtained indicate a significant effect of crystalline and 
amorphous phenol not only on activity, but also on the characteristics of 
peptidases and glycosidases that function in the whole body of chiro-
nomid larvae. The presence of phenol in water can influence the 
processes of induced autolysis in benthophages and in juvenile fish of 
various ecological groups that actively consume chironomid larvae.  
 
The work was performed as part of a state assignment of FASO Russia 
(topic No. AAAA-A18-118012690102-9).  
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